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I One of the most exciting developments in the field of IIl-V semiconductors in the last several years has 
been the application of the AI-Ga-ln Nitride material system to the production of UV-to-green l ight 
emitting devices. From the pioneering research of Akasaki and Nakamura to the production of LEDs by 
such companies as Nichia, CREE and Toyoda Gosei, this material system has been one of the most 
exciting and rapidly developing in the history of compound semiconductors. Further applications, 
such as laser diodes, white LEDs, photodetectors, and high speed transistors are also being rapidly 
pursued. 
I 
n the past, the major challenges to 
the commercial application of 
GaN have been technical in nat- 
ure: the lack of a suitable, lattice 
matched substrate; the difficulty in 
achieving high concentrations of p- 
type carriers in (A1)GaN; the growth 
of high-In content InGaN alloys; and 
the challenges in making electrical 
contact o the device structures. As 
these challenges are being overcome 
by a greater number of workers around 
the world, the focus is turning to the 
more traditional manufacturing chal- 
lenges of throughput, process tability 
and yield improvement. 
EMCORE is a world leading sup- 
plier of production MOCVD systems 
for a variety of compound semicon- 
ductor applications. Through the use 
of the proprietary TurboDisc MOCVD 
production platform, EMCORE has 
focused on providing its customers 
with MOCVD systems with high 
throughput, excellent uniformity and 
repeatability, low maintenance, and 
low cost of ownership. Building on 
these strengths, EMCORE now offers 
insitu optical monitoring of the growth 
process using the EPIMETRIC. Using 
spectral photoreflectometry, he EPI- 
METRIC provides unsurpassed sup- 
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Figure 1. Wafer configurations available for the Discovery series GaN MOCVD systems available 
from EMCORE. 
por t  fo r  advanced  growth  
development, process monitoring 
and process yield improvement. 
TurboDisc 
EMCORE's proprietary TurboDisc 
MOCVD system uses a high speed ro- 
tating disk in a vertical growth cham- 
ber to deposi t  semiconductor  
materials. This approach provides a 
number of benefits, including: a uni- 
form, thin boundary layer for high 
growth rates; fast gas switching; lim- 
ited gas phase reactions; and excellent 
thickness, composition and doping 
uniformity over the entire deposition 
area. This scalable technology can be 
used for both single-wafer research 
and multi-wafer production systems 
(up to 38 x 2" wafers in the Enterprise 
400). For GaN applications, EM- 
CORE offers its line of Discovery sys- 
tems, ranging from the single wafer 
Discovery 75 to the 6 x 2" Discovery 
180 system (see Fig. 1). 
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Growth of simple GaN- 
based epitaxial layers 
EMCORE's Research and Application 
Laboratory has developed growth 
processes for a wide range of GaN- 
based epitaxial materials. This re- 
search has been performed on an in- 
house multi-wafer Discovery 180 sys- 
tem, and all layers have been grown 
on 2" sapphire substrates with a low- 
temperature GaN nucleation layer. Si- 
milar results have been achieved by 
EMCORE's customers on TurboDisc 
systems of other sizes. 
For growth  of  undoped GaN 
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Figure 2. PL wavelength uniformity of a single AloaGao.76N layer grcwn on a basal plane 2" 
sapphire substrate with a GaN nucleation layer. The mean PL wavelength was 338 nm with a 
standard deviation across the wafer (3 mm edge exclusion) of 0.4 nro. 
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Figure 3. PL wavelength uniformity of a 4 period Ino.o6GaogaN/ Ino.2oGao.8oN MQW. The mean 
PL wavelength was 440 nm with a standard deviation across the wafer (3 mm edge exclusion) 
of 3 nm. 
films, typical results include thickness 
uniformity of < 2%, background car- 
rier concentrations < 5 x 1016 cm -3 
and electron mobilities in excess of 
400 cm2V1sec-[ Si -doped n-GaN 
films have controllable carrier concen- 
trations in the range between 1x 10 I7 
cm -3 and 1 × 1019 cm -3, with unifor- 
mity (measured by contactless heet re- 
sistivity mapping) of < 3%. High 
quality, uniform A1GaN with A1 con- 
centrati.ons of 30% have also been de- 
monstrafed (see Fig. 2). 
Magnesh~m-doped GaN with 
high p-type carier densities has been 
difficult for ma W MOCVD reactors to 
grow due to th< low activation of the 
Mg in the films and the relatively high 
n-type backgrounds. EMCORE has 
been able to grow p-type films with re- 
producible resisitivites of ~ 1 ohm cm, 
and hole concentrations in excess of 
7 x 10 iv cm 3. 
Growth of more complex struc- 
tures, such as InGaN multiple quan- 
tum wells (MQWs) is critical for the 
growth of the highest brightness blue 
LEDs ,  longer  wavelength green 
LEDs,  and UV laser diodes. EM- 
CORE has demonstrated the growth 
of high quality MQWs in its produc- 
tion systems. Figure 3 shows the PL 
wavelength uniformity of a 4-period 
In.06Ga.94N/In.20Ga.80N(100 k/30 A) 
MQWgrown on a 2" wafer. Excellent 
uniformity of r ~ 3 nm is shown at an 
emission wavelength ,-~ 440 nm. Fig- 
ure 4 shows a Double-Crystal X-Ray 
Diffraction (DCXRD) pattern from 
two different 7-period In.06Ga.94N/ 
In 20Ga.80N(100 A/30 A) MQWs 
grown with identical recipes several 
days apart. The clear satellite peaks de- 
monstrate the excellent interface 
abruptness that can be achieved in the 
EMCORE system. More importantly, 
excellent reproducibility is shown by 
the overlappi%, DCXRD spectra ob- 
tained when the growth recipe was re- 
peated after growing several other 
device structures. 
EPIMETRIC in situ 
monitor 
EMCORE, in cooperation with Vii- 
metrics of San ]Diego, CA, has recently 
developed the EPIMETRIC, a photo- 
reflectance in situ monitor. This system 
allows for the: measurement of the 
growth rate of the semiconductor 
films as they are being deposited on 
the wafers in tt~eTurboDisc systems. Ef- 
fects due to tt~e high speed rotation, 
differentiation of signals from the wa- 
fer(s) and susceptor area, and susceptor 
flatness are automatically accounted 
for during dala acquisition. Growth 
rates can be measured to better than 
1% accuracy using the EPIMETRIC 
even if only a ~;ingle 2" wafer is placed 
in one of the multiple pockets. The 
data shown below were recorded from 
single 2" wafers rotating off axis at 
1000 rpm. 
Using a simple optical fiber bun- 
dle, the EPIMETRIC is mounted to a 
standard optical viewport on the top 
of the TurboDi,,;c system. These purged 
viewports do not become coated and 
do not influence growth uniformity. 
The EPIMETRIC can be configured 
to simultaneously measure multiple 
wavelengths between 400 to 1700 nm 
so it is applicable to materials ystems 
ranging from AIGaN to InGaAsP. 
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Layers as thin as 1000 A can be mea- 
sured. The EP IMETRIC  can also be 
conf igured with multiple detector 
heads, thus providing for real-t ime 
mon i to r ing  of  both  the absolute 
growth rate and the growth rate uni- 
formity over the susceptor area. The 
EP IMETRIC  is exclusively available 
from EMCORE,  which is currently 
the only MOCVD manufacturer to of- 
fer this exciting new technology to its 
customers. The EPIMETRIC is avail- 
able as an option on all new EMCORE 
systems and can be installed on current 
systems as part of  a simple upgrade 
package. 
EMCORE has been using the EPI- 
METRIC on the Discovery 180 GaN 
system at EMCORE for the develop- 
ment of blue LED growth processes. 
For example, the growth of  a blue 
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LED structure on sapphire begins 
with the deposition of the nucleation 
layer. Control of the deposition of the 
nucleation layer is critical to the suc- 
cessful growth of any device structure 
on sapphire. As a demonstration fthe 
utility of the EPIMETRIC in process 
development, EMCORE has moni- 
tored the growth kinetics of this layer 
to determine ffects of trimethylgal- 
l ium (TMG) flow, reactor pressure, 
and deposition temperature. The ne- 
Figure 4. X-ray double crystal diffraction pattern of a 7 period Inoo6Gao94N/ Ino.2oGao.8oN MQW 
LED showing superlattice interference fringes. The two different traces were from wafers grown 
with identical recipes 8 runs apart, showing excellent system reproducibility. 
cessary data can be obtained in a single 
growth run, as shown in Fig. 5. The de- 
pendence of the nucleation layer on 
temperature at100 torr is determined 
in only 20% of the time needed to per- 
form five separate growth experi- 
.ments .  I t  is c lear  that  the  
EPIMETRIC can lead to a substantial 
reduction in process development 
time. 
The operation of the EPIMETRIC 
is based, in part, on techniques devel- 
oped at Sandia National Laboratories 
for the growth  of  A1GaAs-based 
VCSELs in an EMCORE TurboDisc 
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Figure 5. EPIMETRIC reflectance data obtained during a nucleation layer calibration run. Five 
separate growth conditions were investigated in a single growth run. From this data, the growth 
rate dependence on temperature xhibited an activation energy of 122 kJ mo[ 7. Note that the 
EPIMETRIC can determine growth rates even when a complete interference fringe is not obtained 
(as for the data at 435°C). 
reactor system [1-3]. The EPIMETRIC 
will be of t remendous use in both 
MOCVD process development and 
in production. A proof  of the utility 
of in situ reflectometry developed at 
Sandia was to demonstrate he growth 
of VCSELs on an EMCORE system 
with a run-to-run repeatability of the 
DBR wavelength +/-0.3% over > 100 
runs [41 .
Growth of blue LEDs 
EMCORE has been developing the 
processes for the growth of a InGaN 
QW blue LEDs. Current work has 
concentrated on a structure consisting 
of a low temperature GaN nucleation 
layer followed by a > 3 I.tm thick Si- 
doped n-GaN layer. An InGaN SQW 
active layer and a final Mg-doped p- 
GaN cap layer are then grown. 
Figure 6 shows data from the EPI- 
METRICinsitu monitor obtained ur- 
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Figure 6. EPIMETRIC reflectance data obtained during an InGaN SQW LED growth run. The effects of nucleation layer 
p-GaN layer. While 
the InGaN SQW ac- 
tive layer is too thin 
to be measured by 
the EP IMETRIC  
(but the quality can 
be conf irmed by ex 
situ techniques, such 
as DCXRD), growth 
rates for  th icker  
layers, nuc leat ion  
layer crystallization 
properties, and gen- 
eral wafer morphol- 
ogy  can  be  
monitored easily. 
F igure 7 shows 
the blue light emis- 
sion from an InGaN 
SQW b lue  LED 
grown in the EM- 
CORE Research and 
Application Labora- 
crystallization and the growth rates for the thickel n-GaN and p-GaN and p-GaN layer can be easily measured, tory. Rudimentary  
device processing, 
required in order to 
make electrical contacts to the device, 
was also performed at EMCORE. Pre- 
liminary, unoptimized LED device 
characteristics, such as a power output 
> 100 btW, forward voltage V~: < 4 V 
@ 20 mA, and wavelengths in the 
range of 430-!;00 nm, have already 
been demonstrated. EMCORE be- 
lieves that, in addition to demonstrat- 
ing the capability of the TurboDisc 
systems to grow blue LEDs, this effort 
will help further support heir custo- 
mers with process technology and 
continuous improvements in the sys- 
tem design. 
Figure 7. Blue light emission from an InGaN SQW LED grown in a multi-wafer Discovery 180 
MOCVD system located in the EMCORE Research and Application Laboratory, Rudimentary 
device processing was also performed at EMCORE. A quarter piece of a 2" wafer is shown, with 
light emitting from the single chip being probed. 
ing an experimental LED growth run. 
The growth of the low-temperature 
buffer layer is shown, but is too thin 
to cause interferometric oscillations. 
Dur ing  the in i t ia l  n -GaN layer 
growth, the coursening and the gra- 
dual recovery of the smooth surface 
can be seen from the gradual recovery 
of the reflectivity oscillations. Con- 
trolling the factors which determine 
this recovery period are critical to op- 
timizing the LED growth process. 
The growth of the thick n-GaN layer 
with a growth rate of 3.6 I, tm hr -1 is ea- 
sily monitored. A growth rate of 2.8 
}am hr -1 is measured for the Mg-doped 
Conclusion 
Through extensive R&D efforts, new 
product offerings, and process tech- 
nology development, EMCORE is en- 
hancing its ability to better serve its 
customers. In addit ion to the ad- 
vanced GaN IVIOCVD system design 
and basic blue LED fabrication tech- 
nology for improved growth process 
development, EMCORE now offers 
the capability of in situ process moni- 
toring of key parameters, uch as the 
growth rate, x~ith the EPIMETRIC. 
EMCORE believes that, with these 
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capabilities, it can offer its customers 
the tools and technology necessary to 
expand the market for GaN-based e- 
vices. EMCORE is committed to 
he lp ing  its cus tomers  increase 
MOCVD system throughput,  im- 
prove device yields, and lower produc- 
tion costs. 
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:e increasing demand for i EMCORE continues to experienc ts TurboDisc 
ions. A MOCVD systems for GaN applicat number of Discovery 180 (6 x 
:c 2") Turb0Disc system are alread in pJ duction of commercially-available blue Y 
LEDs. Globally, EMCORE has sold a total of 20 MOCVD systems for GaN 
production. Four companies around the world research and have purchased 
multiple EMCORE multi-wafer GaN systems, demonstrating significant 
customer satisfaction with EMCORE's systems. Further, another six produc- 
tion companies have recently purchased their first GaN system from EM- 
CORE. This is in addition to a number of universities and institutes which 
use EMCORE's systems for research of GaN-based materials. 
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